Hypertension is a known risk factor for cardiovascular disease, but few epidemiological studies have examined simultaneously the effect of baseline blood pressure on the development of stroke, acute myocardial infarction (AMI), and end-stage renal disease (ESRD). In 1983, a large, community-based mass screening covered about 14% of the adult population in Okinawa, Japan. The total number of people screened was 107,192 (51,122 men, 56,070 women). We had access to two independent registries of end-organ damage: the Co-operative Study Group of Morbidity and Mortality of Cardiovascular Diseases in Okinawa (COSMO) registry for stroke and AMI, and the Okinawa Dialysis Study (OKIDS) registry for ESRD. The total number of people registered was 4,756 with stroke, 1,059 with AMI, and 641 with ESRD during the study period from April 1, 1988, to March 31, 1991. By using the name, sex, birth date, and ZIP code of registrants, we identified those registrants who were screened in 1983 and had developed stroke, AMI, or ESRD. Hypertension was defined as systolic blood pressure (SBP) of 140 mmHg or higher or diastolic blood pressure (DBP) of 90 mmHg or higher. Other readings were regarded as normotensive. The prevalence of hypertension was 35.8% (N= 37,299). The cumulative incidence of stroke, AMI, and ESRD was 154, 21, and 19 subjects among those with SBP 119 mmHg, and 1933, 315, and 71 subjects among those with SBP >_ 160 mmHg. Similarly, the incidence of stroke, AMI, and ESRD was 234, 44, and 25 subjects among those with DBP 69 mmHg and 1980, 381, and 364 subjects among those with DBP? 110 mmHg.
Introduction
The Japanese are living longer than ever before (1), especially people in Okinawa, and the death rate from stroke has dropped dramatically in the past 30 years (2). This decline is partly explained by the national policy of decreasing salt intake and increasing public health education. The average salt intake remains around 12 g per d.
Because of the rapidly increasing number of aging people, concerns about high blood pressure are increasing. The incidence of cardiovascular diseases differs among ethnic groups (3), however, so clinical guidelines should be based on epidemiological evidence from a given community (4). Only a few studies have examined the determinants of hypertension in a large, community-based popu-lation. Moreover, few epidemiological studies have examined simultaneously the effect of baseline blood pressure on the development of stroke, myocardial infarction (AMI), and end-stage renal disease (ESRD).
Our study documented the prevalence of hypertension and analyzed the risk factors for hypertension in a large, community-based screening in Okinawa, Japan (5). The cumulative incidence of stroke, AMI, and ESRD was also compared according to the baseline blood pressure levels during the same study period. Our results can provide a basis for a strategy to reduce hypertension-related morbidity and mortality.
Methods

Study Design
All individuals over 18 yr of age who participated in the 1983 community-based mass screening in Okinawa, Japan, were eligible for this study. The study period was from April 1, 1988, through March 31, 1991. Patients having stroke or AMI and dialysis patients who had participated in the 1983 mass screening and who had contracted such diseases after the screening were identified through two independent registries. Their identities were verified by a review of the medical records. The cumulative incidence of stroke, AMI, and ESRD was determined based on the blood pressure at the 1983 screening.
Mass Screening Registry
A large, community-based health examination program has been carried out annually by the Okinawa General Health Maintenance Association (OGHMA), under the direction of Dr. Y. Ikemiya. The Association is a nonprofit organization founded in 1972 (5-9). In brief, once each year, the staff of the association visit people residing or working in Okinawa. They do the examinations and inform the participants of the results. When necessary, they recommend a further work-up. Blood pressure is measured by a nurse or doctor using a standard mercury sphygmomanometer. A dipstick urinalysis (Ames dipstick) is done on spontaneously voided fresh urine. The results of the urine test are interpreted by the physicians or their associates and are recorded as (-), (±), (1+), (2 +), (3 +), and (4+). For our study, we defined (-) and ( ± ) results as normal and the rest as abnormal. A blood test is optional; the cost was not covered by the public sector until 1992.
The Association's computer file includes data acquired since 1983, for the fiscal year from April 1, 1983, through March 31, 1984. Included are names of the screened subjects, birth dates, sex, zip codes, and the results of clinical and laboratory tests, if available. Details of medical history, family history, and drug use are not included in the computer data. Data from the 1983 screening included 104,319 measurements of blood pressure (6), 14,609 of serum creatinine (7), and 38,053 of serum cholesterol (8, 9). Hypertension was defined as systolic blood pressure of 140 mmHg or higher or diastolic blood pressure of 90 mmHg or higher. Other readings were regarded as normal.
Cases of Stroke and AMI
The Co-operative Study Group of Morbidity and Mortality of Cardiovascular Disease (COSMO) registry logged every hospital case of stroke and AMI that occurred in Okinawa between April 1, 1988, and March 31, 1991 (3). A total of 4,756 cases of stroke occurred in 4,523 patients (2,463 men, 2,060 women), and 1,059 cases of AMI occurred in 1,021 patients (674 men, 347 women).
Cases of ESRD
All chronic dialysis patients who reside in Okinawa and who started regular dialysis and survived at least one month were registered by the Okinawa Dialysis Study (OKIDS) (10, I1). The registry contains each patient's name, sex, and birth date, the primary renal disease, and the start date of dialysis. The total number of patients with ESRD was 641 (347 men, 294 women) during the study period.
Statistical analysis was performed with the SAS package using the database in the OGHMA registry. Student's t-test and chi square tests were used. Multiple logistic analyses were performed to determine the significance of variables with respect to the presence of hypertension. P values of less than 0.05 were considered statistically significant. Cumulative incidence was calculated and expressed per 100,000 persons screened in 3 yr. Data were expressed as mean ± SD.
Results
OGHMA Registry
A total of 107,192 inhabitants over 18 yr of age participated in the mass screening in 1983. According to the 1980 Census, the total population of Okinawa over 15 yr of age was 781,166. Therefore, the estimated proportion of the adult population over 18 yr of age in 1983 who participated in the mass screening was about 13.7%. In that part of the population over 60 yr of age, the proportion was more than 20% in both sexes. Table 1 shows the prevalence of hypertension by age at the time of screening in each sex. The prevalence increased with age in both sexes, with a maximum of 66.1% in women and 56.1% in men age 80 yr and older. The prevalence of hypertension increased with the body mass index (BMI) in both sexes (Table 2) , though men had a higher prevalence of hypertension regardless of the BMI.
The prevalence of hypertension increased with the levels of serum creatinine in both sexes (Table 3) . Abnormalities in urine tests were also related to the prevalence of hypertension (Table 4) . Participants of both sexes with proteinuria had a higher prevalence of hypertension. In women, the prevalence of hypertension was similar between those without hematuria and those with hematuria. The prevalence of hypertension increased with the levels of serum cholesterol (Table 5) . Table 6 summarizes the results of the multiple logistic analyses on the determinants of hypertension. Besides sex and age, proteinuria, hematuria, serum cholesterol, serum creatinine, and BMI were significant determinants of hypertension in every age group. Demographics of participants who developed stroke, AMI, and ESRD. The blood pressure levels of participants at the 1983 screening have been analyzed previously (6). During the study, we identified 655 cases of stroke, 152 of AMI, and 61 of ESRD. 
Discussion
Our study showed that the prevalence of hypertension in people living or working in Okinawa is quite high, especially in people of both sexes older than 60 yr. Recent guidelines have suggested that high blood pressure should be kept as low as possible (12, 13). Thus, the guidelines indicate that a large number of people should change their lifestyles or be treated with antihypertensive drugs. To reduce the economic burden, non-pharmacological therapy of mild hypertension should be promoted, since the overall impact of mild hypertension is much less severe (14). In Okinawa, the incidence of stroke appears to be lower than that in other parts of Japan (15, 16) , but it is still higher than that in the United States (17, 18) . The incidence of AMI is lower in Okinawa than in other parts of Japan (19) and much lower than that reported by the Framingham study (20) . The incidence of ESRD in Okinawa is the highest in Japan (21) , and the reasons are not yet clear. In particular, the number of ESRD patients with diabetes mellitus (DM) and hypertension is increasing.
Overweight has been regarded as the primary determinant of hypertension (22) . The prevalence of obesity in our study subjects (BMI greater than 26.0 kg/m2) was high; 24.9% in women and 23.2% in men. The rapid increase in the rate of automobile ownership implies that people in Okinawa walk less than they used to. Along with an increased intake of calories, the decrease in exercise could account for the high rate of obesity.
Hypercholesterolemia was a risk factor for AMI (8), even though the incidence in Okinawa was much lower than in the United States; however, it was not a significant predictor of stroke (9) or ESRD (23). Rather, the incidence of cerebral hemorrhage in men was inversely correlated with the levels of serum cholesterol (9). Recently, it was shown that the use of HMG-CoA reductase inhibitors effectively reduces the incidence of AMI (23, 24) and stroke (25, 26) . The exposure time between hypercholesterolemia and AMI may be short in our study.
The incidence of stroke, AMI, and ESRD was higher in men than in women, which can be explained in part by the difference in baseline serum creatinine concentration, the mean levels of which were 0.2 mg/dl higher in men than in women (7). In the general population, serum creatinine is a marker for an increased risk of stroke even when the level is within the normal range (28) . The cutoff points for ESRD were 1.4 mg/dl for men and 1.2 mg/dl for women (7).
Proteinuria was a strong predictor of ESRD (5) and other cardiovascular diseases (29) . Angiotensin-converting-enzyme inhibitors slow the course of diabetic nephropathy (30) by lowering blood pressure and reducing pro- A high dietary salt intake is another risk factor for hypertension (32), but the salt intake in Okinawa may be lower than that in the mainland of Japan.
Our present study showed that the impact of hypertension differed among the end-organs. Stroke and AMI are vascular accidents. Inflammation can cause atherosclerosis, and ischemic stroke and AMI often occur after infection (33). On the contrary, ESRD is a slowly progressive disease with both immunological and non immunological processes. The OKIDS registry included only patients who had ESRD and survived at least one month on scheduled dialysis (10); those who died before starting dialysis or died within one month of dialysis were excluded. Therefore, the number of ESRD patients may be underestimated, but it is not overestimated. Furthermore, patients with chronic renal failure may have died due to stroke or AMI before entering the ESRD program. Only a few studies have shown the relationship between basal blood pressure and the incidence of ESRD (6, 34).
This study has several limitations. First, the COSCO registry, which logged the cases of stroke and AMI, was started 4 yr after the mass screening was begun. There were no appreciable changes in lifestyle, dietary habits, or treatment strategies in Okinawa, except for the introduction of drugs such as HMG-CoA reductase inhibitors and ACE inhibitors. Significant changes in serum cholesterol or blood pressure levels and passage of time are required before mass atherosclerosis is observed or the overall incidence of stroke or AMI is reduced. Second, the COSMO registry is a hospital-based registry; thus, some cases of stroke and AMI may have been missed. However, this possibility is small (3). Third, information was not available regarding other risk factors, such as smoking habits, alcohol intake, exercise, lipid profiles, family history, post history and drug use. Unfortunately, this information was lacking in the original computer data set in the 1983 OGHMA registry.
In summary, our study showed that the prevalence of hypertension was quite high in the adult screened subjects. This health hazard explains the high incidence of stroke and the increasing incidence of end-stage renal disease. Lifestyle modifications, such as decreasing BMI and serum cholesterol, might be effective in lowering blood pressure and reducing the incidence of stroke, AMI, and ESRD. The public health implications must now be proved in a prospective study. The effects of other possible factors of hypertension, such as glycosuria (insulin resistance) (35), smoking (36), alcohol intake (37, 38), hyperuricemia (39), and exercise (40) deserve further investigation in a setting of mass screening. Management and data processing of the registry was done by Mrs. C. Iseki, whom we thank. Part of this study was presented at the 13th American Society of Hypertension (Am J Hypetens 1998; 11: 264A) and at the 2nd China-Japan Hypertension Symposium (Oct 4, 1999).
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